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SPACE: RESEARCH 

Bs 
R. Fellows, J. E. Jackson, H. E, Bevell, Jr., andM. Stone r  

NATIOHAL Awmm1Cs AND SPACE 
. wa~hingt~n 25, D. c. 

I. m o m 1 0 R  

Space research consists of the observation and study of ob- 

jects  and phenomena in the earth's high atmosphere and beyond. It 

includes direct and indirect measurement, theoretical and labora- 

tory research, and the performance of fundamental ezperiments fn 

space. 

t ion of the 380011 and the nearer parts of the solar system, 

In the foreseeable f'uture it w i l l  include maaaed explora- 

Space research is not i n  itself a separate discipline of 

science, 

of physics, chemistry, and the biosciences. It includes astronauy, 

astrophysics, and many sspects of geophysics. 

concerned with the atakospheres of the earth and planets; their 

ionospheres; their electric, msgnetic, and gravitational fielde; 

the earth.-libDon system; the planets, colllets, m e t e o r s ,  and other 

bodies 6f the solar system; the sun, stars, and galaxies; the par- 

t ic les ,  ghsxuas, eleztramgnetic radiatfom, and other phenamena 

of interplanetary, galactic, and intergalactic space. 

Rather, it cal ls  upon a great number of the disciplines 

Space research is 

It includes 



. the search for  forms of extraterrestr ia l  l ife,  and the study of 

the behavior of t e r res t r ia l  l i f e  forms under the conditions of 

space and space fl ight.  I ts  ultimate and most exciting quest is 

f o r  an understanding of the origin and fundamental nature of the 

universe. 

'Space research is not new. It is  as old as astronomy. I n  

fact, i n  many ways the space research of today may be regarded as 

an extension and enlargement of the f ie ld  of astroncany. 

t h i s  light space research has a history measured in thousands of 

years, 

Viewed i n  

It has claimed the attention of some of the greatest minds: 

Copernicus, Galileo, Kepler, Newton, IaGrange, Laplace, and 

Einstein, t o  name but a f e w ,  

~ Space research poses a tremendous challenge t o  the scientist .  

Earth-bound, located at  fantastically great distances from the ob- 

jects  of his  attention, hampered by the obscuring and distorting 

effects of his own atmosphere, the scient is t  has had t o  piece to-  

gether the picture of the universe from the b i t s  and snatches of 

l ight  that reach his eye or  instrument. 

restrictions which l i m i t  his observations primarily t o  the visible 

and radio portions of the wavelength spectrum, scientists have 

pieced together a t ruly remarkable picture of the universe in 

which we live. But now, almost suddenly, there has opened before 

In spi te  of these severe 
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I -  him by means of sounding rockets, satell i tes,  and deep space probes, 

the opportunity t o  send instruments and eventually man himself 

above the earth's atmosphere t o  observe and m e a s u r e  in hitherto 

unseen portions of the wavelength spectrum, and t o  carry out 

direct explorations of the moon and the solar Sy8tmo 

portunity b r i q s  with it the chance t o  enlarge, t o  clarify, t o  

This op- 

correct the present concepts of the universe, To take advastage 

of these opportutt ies requiresthe developnent and construction 

of' intricate autcmnatic eqyipent, the conduct of exceedingly COQP- 

plex launching, trackfig, and telemetering operations, and 

eventual& the performance of hazardous manned missions. 

rewards in the way of increased knowledge and practical applica- 

tions t o  human welfare, are so great as t o  make the challenge 

i r res i s t ib le  a 

But the 

High altitude rocket research first began 19 the United 

States in 1945 With the launching of the WAC Corporal rocket 

developed by the Je t  Propulsion Zaborstory. 

rockets were put t o  use f o r  upper air research, and in the ensuing 

years lsrge numbers were used i n  the exploration of the upper 

atmosphere. 

specifically t o  carry out high altitude experhents. 

technique, that is, the launching of a rocket fmna a Large h&h 

Early in 1946 V2 

Tbe Aerobee and V i k i n g  rockets were developed 

The Rockoon 
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altitude balloon, was  developed t o  provide an inexpensive means of 

sending small payloads into the ionosphere. 

rockets were adapted t o  the task of high al t i tude exploration. 

A l l  in a l l ,  prior t o  the start of the I n t e m t i o n a l  Geophysical 

Y e a r  on July 1, 1957 the United States had fired about 400 sounding 

rockets f o r  exploring the upper atmosphere, investigating the sun, 

and performing various high alt i tude esrperiments . 

Small solid propellant 

Because of the proven power of the rocket sounding techniques, 

a rocket research program was introduced into the IGY effort .  

rocket program was l i s ted  as a separate act ivi ty  from the other 

disciplines of IGY, although it was clearly recognized that the 

rocket activity was not i n  itself a discipline, but rather in- 

cluded researches from many of the other IGY disciplines. It w a s  

found necessary, however, t o  keep the rocket effort  in  a separate 

category because of the special demands of the rocket itself, the 

requirements f o r  special launching ranges, and the diff icul t ies  

of making a campletely routine and ffm schedule for  the rocket 

f iring6 

The 

During the planning of the PGY rocket program, f t  became 

apparent that it might be possible t o  launch a r t i f i c i a l  sa te l l i t es  

of the earth during the PGY interval. 

seeable value of such satel l i tes  in  the IGY program, the 

Because of the clearly fore- 
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Internatimal Canunittee f o r  IGY recamaended that consideration 

be given t o  including a r t i f i c i a l  s a t e l l i t e  program3 in the u;Y 

effort. The result was that both the USSR and the U. S. under- 

took t o  launch instrumented earth sa te l l i t es  fo r  geophysical 

and solar explorations durrzlg the IGY. 

history that the first such launching took place on October 4, 

1957 when the USSR placed Sputnik I in orb i t  about the earth. 

A review of the rocket and satellite research results through the 

end of the International Geophysical Year is given in Section 11 

of t h i s  paper. 

It is now a matter of 

Out of the rocket and sa te l l i t e  act ivi t ies  of the IGY and 

the  preceding decade there has developed an extensive technique 

of atmospheric and space research. 

rocket a mysterious and unfamiliar tool. 

s a t e l l i t e  o r  the space probe an unfamiliar device. 

exists a w e a l t h  of informstion on the behavior of the sounding 

rocket during flight, on the conditions experienced by instrumenta- 

t ion in the rocket Wing both the launchbg and coasting portions 

of the flight. 

ewerfence is less extensive than with the sounding meket. 

Nevertheless there is enough infonuation available t o  define with 

some assurance the design c r i t e r i a  that must be met by the 

No longer is the soundlng 

No longer is the earth 

There now 

In the case of sa te l l i t es  and space probe8 
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instrumentation in such vehicles, and to  prescribe adequate tests 

t o  insure that the equipment w i l l  survive the launching rigors 

and continue t o  function throughout the trajectory o r  orbit. 

The experience of" XGY has shown the usefuhess of international 

cooperation in sa te l l i t e  observation and 'has provided experience 

in  organizing such cooperation. 

the techniques of space research are discussed in Section I11 of 

t h i s  paper, 

Based on t h i s  past experience, 

To a large ePrtent the past history of rocket and sa te l l i t e  

exploration of" the atmosphere and space has been only a begin- 

ning, Much larger and more versatile rocket vehicles are now 

under development For more routine operations, relatively in- 

expensive vehicles are being developed, 

ing networks are being extended and bnpsoved. 

on improved power supplies, stabilization systems, new detectors, 

and more accurate guidance and control systems. 

advances both the intensity and the range of space act ivi t ies  

can be increased, 

in  space research is given i n  Section IV of t h i s  paper. 

Tracking and telemeter- 

Work is underway 

With these 

A description of current planned act ivi t ies  

A large portion of space act ivi t ies ,  particularly in future 

years, w i l l  be concerned with manned flight in space and manned 

exploration of the s o l a r  system. This is  both a fascinating and 
J 

6 
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an important subJect, to which much attention I s  being devoted. 

In tbis paper, however, we shall not take up the details of 

manned flight and e@oratlon. 
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11. PAST REsuLlcS OF SPACE RESEARCH 

By liberating scient i f ic  disciplines from the i r  earth-bound 

limitations, space research has resolved many long-standing pro- 

blems and controversies. 

many scientific areas and i n  some cases completely new fields w e r e  

The rate of progress was accelerated i n  

unveiled 

For convenience, we shall divide the subject into several 

broad areas : Atmosphere, Ionosphe*re, Energetic Particles, Electric 

a;nd Magnetic Fields, Gravitational Fields, Astronomy, and Bio- 

sciences. 

ways, and the investigation of the various interrelationships is 

very important i n  itself. 

Actually the various areas ase related in  many complex 

A brief discussion of each of the above 

areas is presented ahead of the results obtained from space re- 

search, Sn order t o  place these results i n  the i r  proper perspective. 

A. ATMDSpRERE 

The existence of atmospheric pressure was unknown un t i l  

Tomicell i 's  invention of the mercury barometer i n  1643, Perhaps 

equally impoptant w a s  the creation of the first vacuum clamber i n  

the space above the mercury column. The rapid improvement of vacuum 

techniques during subsequent years, was evidenced by the spectacular 

demonstrations performed i n  1654 w i t h  the Magdeburg hemispheres. 

But fa r  more significant was the availabil i ty of a new and essential 

8 
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tool, namely the vacuum c a r  with which the physics of gases 

could be studied. By the end of the 17th century the basic laws 

governing the distribution of pressure with altituds had been 

derived by Hariotte and Huygens. However, asmmptions m g a r d i q  

mean molecular mass and temperature introduced considerable 

uncertainties i n  the numerical results, which were derived f’rcnu 

the basic gas laws. 

upper atmosphere research, the atmospheric structure was accurately 

lrnavn up t o  about 30 km, as a result of balloon lnvestigstioss. 

Although crude estimates regarding the structure of the upper 

atmosphere were available from meteor, ionospheric, and auroral 

studies, the atmosphere above 30 km was relatively unkncmn un t i l  

1946, when rocket soundings were initiated. 

rocket research has considerably increased. our knowledge of the  

upper atmosphere. 

answered concerning the origin, evolution, nature, spatial 

distribution, and dynamic behavior of the upper atmosphere; its 

relation t o  interplanetary space; its sources of energy; its re- 

1ationsbAp t o  Surface meteorology; and its influence upon 

instrumented or manned space flight, 

rangeviewpoint are the analogous problems which are presented by 

the atmospheres of the other planets. 

Prior t o  the availability of rockets for 

As w i l l  be sham later 

Nevertheless, many questions still  remuin un- 

Of interest froan a longer 
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Rocket Results 

Rocket measurements have provided a f a i r ly  complete and 

accurate picture of the atmosphere up t o  about b10 km. 

have also been obtained between 100 and 200 km. The temperature 

distribution. with height exbibits a maximum of about 270% at 50 

km, a minirmun of about 200°K around 80 km, a sharp rise i n  the 

E-region, leading t o  values of the order of 1500% at 200 km. 

Up t o  about 70 miles ( U O  km) altitude, density and pressure 

both f a l l  o f f  by roughly a factor of 10 for every 10 mile (16 Irm> 

increase, Densities measured ab 200 km above White Sands, and 

above Fort ChupchiU, Canada were found t o  vary by a factor of 

5. D i u r n a l  ami seasonal effects were also detected a t  alt i tudes 

between 50 and. 200 kma Rocket measurements show that the atmos- 

phere is well mixed and maintains ground level  composition up t o  

100 km, with the exception of lesser constituents such as water 

vapor and ozone. Above 100 km, diffusive separation takes place, 

w i t h  the l ighter  elements becaming more abvadant. In addition, 

photochemical dissociation produces atomic oxygen and nitrogen. 

By 1952, enough rocket results ]bad accumulated t o  compile the 

available information into a standard atmosphere, which was  quite 

reliable up t o  80 ksl. 

national Geophysical Year w i l l  permit the formulation of a 

Results 

The results obtained during the Inter- 
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standard atmosphere up t o  at least 200 Ism and perhaps 

t o  lan. 

setemte Basults 

Satellite drag measurements were made at altitudes between 

180 and 725 km. 

i n  general agreemnt with rocket results, when seasanal and latitude 

variations are considered. 

measUrenrents show considerable variation in lrpper atmosphere den- 

sities and tqratures  w i t h  time of day and geographic position. 

This appears t o  be particularly t rue for  altitudes abuve 220 Inn. (Fig. 1) 

The densities obtained for the luuer altitudes are 

Taken togetber the satellite and rocket 

B. IONOSPHERE 

Background 

The gr&h of radio and electronics at the beginning of the 

twentieth ceEtury led inevitably t o  the discovery of the earth‘s 

ionosphere. This ionized region of the upper atmosphere has been 

investigated extensively f rom the ground on a world-wide basis by 

a method which is an extension of the experiments or ig ina l ly  per- 

formed by mit and m in 1926. The method, which is simila;r t o  

radar, is based upon the reflection of rsdio waves by the ionized 

regions. 

soundings; however, the height distribution 02 these deE6itieS was 

in some cases uncertain by as mch as 100 Ism. 

Ionospheric electron densities can be computed fromthese 

This uncertainty 

SI. 



arose partly from the extreme complexity of the analysis required, 

but mainly fromtlhe a s s q t i o a s  needed t o  interpret the disconti- 

nuit ies found in the ground recopdings. 

observers knew that their data should be interpreted with caution, 

they felt fairly w e l l  convinced that the ionization was concentrated 

i n  separate layers which they called D. E. and F. 

information was nevertheless accumulated which revealed the general 

behavior of the ionosphere below 300 hm, particularly i ts  daily 

and geographical variations, and the influence of the ll year solar 

cycle. 

Even though early 

Considerable 

Rocket determination of typical electron density profiles, 

plus the recent availabil i ty of electronic computers have resulted 

i n  a greatly enhanced act ivi ty  i n  the world-wide analysis of ground 

recordings. 

obtained up t o  the maximum of the F2 region which occurs a t  apprnxi- 

mately 300 h i n  middle lati tudes.  

Fairly accurate electron density profiles can now be 

Typical daytime densities are 

10 5 el/cc i n  the E-region and lo6 el/cc i n  the F-region. Faraday 

rotation measurements made by reflecting radar echoes from the moon 

have shown that  the t o t a l  ionization content above F2 maximum is 

i n  the daytime about 3 times greater t h  the columraap electron 

density from the ground up t o  F2 maximum. A t  night t h i s  3-to-l 

ratia is increased t o  about 4-to-1. Whistler aata give approximate 

12 



densities between 100 and loo0 el/cc at several earth radii. 

Ionosphere problem exist i n  three broad areaa, namely: (1) the 

accurate determination of the spatial and. teqporal  variatian of 

the ionospheric structure, ( 2 )  the explanation of the mechanisms 

responsible fcr the ionization, and (3) the propagation of radio 

waves i n  t h e  ionosphere. A natural extensioa of this work will 

be the 8tud.y of the other planetary ionospheres, including that 

of the moon. 

Rocket Besul t  13 

Electron density profiles for the 80 t o  2% km altitude range 

are ava3labPe f r o m  rst beast 10 and perhaps as many as 20 rocket 

f l ights.  A few measurements were made at- aLti%udes between 250 

and 500 km by both Russian mi U. So scientists.  These measurements 

shaK that the day t ime  ianosphere d s s  not consist of separate 

layers; it. was found imtead that the regions of relative maxhmm 

ionizatim blend gradually together with onfy mi no^ valleys i n  the 

ionization d.istribution versus height. 

t i nwn  are OccasiOBsl very Mgh ionization gradients. 

rocket-to-growxl radio propagation reveal considerable fluctua- 

t ions in the received signals which are probably due t o  multipath 

tmsmiaeions resulting from inbnogeneity i n  the ionospheric 

structure. Ttae absorption of padio waves lzas been accurately 

Superimposed upon this con- 

Studies of 
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measured i n  the D-region and the coUision PPequencies calculated 

therefrom w e r e  sham t o  be at Least three times smaller than was 
. .  . - .  i. 

generally believed t o  be the case. The p01.m blackout was  shown 

t o  be s t r i c t ly  a D-region phenomenon w i t h  no significant effects 

noted above 100 km. Two night flights conducted near the winter 

solstice showed t h a t  electron densities i n  excess of lob el/cc 

were present in auroras, whereas densities of only 10 w e r e  pre- 4 

sent i n  the absence of auroral activity.  Mass spectrmeter 

studies i n  the ionosphere reveal that the moat important posi- 

t ive  ion.8 are those of n i t r i c  oxide, molecular oxygen, and 

atomic oxygen. 

altitude increases from 100 k m t o  150 km t o  200 kmthe osCaer of 

Above Fort ehurchilL it w a s  found that as the 

relative abundance 0% positive ions during the d a y t i m e  changes 

from (05, NO+) t o  (]NO+, 02, 0') t o  (O+, NO', 0;); but at night, 

the NO+ i s  more prevalellt at the lower alt i tudes.  (Figs. 2 and 3 . )  

Satel l i te  Results 

Although highly publicized, the sa t e l l i t e  measurements of 

electron densities have t o  date been relatively crude. They were 

based primarily upon propagation s t d i e s  and required the assump- 

t ions of uniform horizontal structure eund single ray paths, both 

of which are known t o  be incorrect. Severe fluctuations i n  sig- 

nals received from satellites, parpticulexly from above F2 maximum, 

14 
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are evidence of horizontal gradients and globular crregulsrities. 

Mass spectrometer data obtsined fraan Sputnik III show that in  

tJ3e region froen 250 t o  950 lan, the principal positive ion is 

mass 16, O', with a a m a l l  percentage of mass 14, N+. 

c. I i m B G m ! I C P r n I ~  

BsckgKM.rd 

Early i n  the century it va8 discovered that an electroscope 

very slowly loses its charge no matter w h a t  precautions are 

taken t o  insulate it. It was  a t  first assumed that this was  

caused by either leakage around the insulation or by radiation 

Froan radioactive materials i n  the earth's crust. A series of 

balloon flights conducted during the period 19U t o  1914 estab- 

lished that the discharge of the electroscope was due t o  a 

radiatiun of extraterrestrial  or ig in .  These observations may be 

regarded. as constituting the discovery  of cosmic rays. 

fascinating problems presented by this new f ie ld  led Karl Darrw 

The 

t o  state: 

mlmteness of the phenamens, t& delicacy of the observations, 

the adventurous excursions of the observers, the subtlety of 

the analysis and the grand- of the inferences." Folluwing World 

W a r  II, intensive studies with balloons resolved many of the 

q-astiom associated with cosmic rays. 

"The subS;ect is unique in modern physfcs for  the 

These studies revealed 
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that the primary cosmic radiation consists of protons, alpha 

particles,  and heavy nuclei. 

t o  15 Bev range was determined by measurements at various 

geomagnetic latitudes, since i n  this energy range the penetra- 

t ion  of cosmic rays is controlled by the orientation of the 

terrestrial magnetic field.  

vations of giant showers over areas of several acres show that 

the energy of cosmic rays can be as great as lo9 Bev. Another 
6 

group of particles with energies ranging from lo3 t o  10 

volts was postulated i n  order t o  explain auroral  phenomena. 

The energy spectrum i n  the 1 Bev 

Other techniques such as the obser- 

electron 

These 

particles w e r e  believed t o  be either protons or electrons. Al- 

though the absence of particles w i t h  energies between l Mev and 

1 Bev was a principal enigma, many problems also existed i n  

connection with the observable particles i n  the l m r  and higher 

portion of the energy spectrwn. 

origin of  the particles, the mechanism by which they acquire their 

energies, the i r  effects on both animate and inanFmste objects, 

and their  detailed composition including the possible presence 

of anti -matter . 
Rocket Results 

Ty-picaJ. questions were: the 

Rocket work showed primarily that balloon measurements were 

adequate f o r  many cosmic ray studies. It was established that  

16 



the knee i n  the latitude curve was real and not due t o  air &scup- 

t ion cut-off 

that both protans and electrons axe present in aurorae; hovever, 

the auroras investigated t o  date with rockets were produced 

mainly by electrom with a few kilovolts of energy. 

Satell i tes and space Probes 

Rocket measusements of aurora l  particles shuwed 

Auroral eLectrcn8 were detected by Swiet scientists in  EU 

Within the auroral zone, 
4 

experiment c&ed ab& Sputnik 111. 

i n  the energy range of 200 t o  300 Kev, a flux of 10 pmticles 

per cm2 per s e c a a  vas deduced as typical; w h i l e  i n  the range 

20 t o  60 ~ e v  a typical. flux was 107 particles per cm2 per s e c a .  

U. S. sa te l l i t es  an0 space probes established the umxpected 

existence of the Van m e n  R&ation B e l t  and partially napped 

the region of space wMch it occupies. 

conrposed of charged particles trapped in the magnetic f ie ld  of 

the earth, and wi th .  e n e r a  levels spanging ftromtPLcase encountered 

i n  aumm up t o  those of cosmic rays. Measureapents t o  date in- 

dicate that a portion of the mare penetrating railiation in  the 

inner regian of the belt caztsists of p ro t~ns .  One explanation 

is that thsse psatans amt decay-products of faet neutrons of the 

earth 's  comic ray albedo. 

is probsbly of s o w  origin. 

This belt apears t o  be 

The remainder of the Van Allen Belt 

Results fropa the Soviet sateUte 
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experiments appear t o  be consistent w i t h  those of Van Allen. The 

Soviet deep space probe "&chta" has shown that  a portion of the 

radiation i n  the outer region of the Van Allen Be l t  i s  composed 

of electrons with energies of a far tens of Kev e (Fig. 4 , )  

Do ELF;CmIC AND MAGHETIC F I E D  

1. Electric Field 

Background 

Tlae manifestations of atmos@?ric e lectr ic i ty  as revealed 

by lightnirg; and thunder have for thousands of y e w s  inspired 

more fear than scient i f ic  curiosity. In 1752 the electr ical  

nature of lightning was demonstrated by Franklin in  his celebrated 

ki te  experiment. In  that same par Lemonnier observed the less  

well known and much less  intense atmospheric e lectr ic  f ie ld  dur- 

ing fair weather. 

and aircraft  have shown that the earth 's  atmosphere can be con- 

Investigations from the ground, balloons, 

sidered as a leaky condenser of x)O-ohm resistance tbrough which 

flows about 1500 amperes of cusrent. It i s  believed that the 

necessary upper atmospheric potential of about 300 kilovolts 

relative t o  the earth 's  surface i s  maintained by world-wide thun- 

derstorm activity.  Evidence of e lectr ical  s t o m  on Jupiter 

indicates that similar phenomena exist on the planets. 



DKe t o  th!e high conductivity of the medium, it is unlikely 

that strcmg electric fields can be maintained within the ionos- 

phere. Electr ic  fields which might be postulated a m  the 

ionos@here are probably too small. to be meadlured with present 

techniques. It is Imam, buwever, that a conducting body w i l l  

acqyire a charge in an ionized medium due t o  the high ra t io  of 

electron-to-ion mobility. 

surface of the body an electric field which was not present in 

the ruribient medium. 

Thfs charge w i l l  produce near the 

This local contamination of the medium rmrst 

be taken into consideratiai when interpreting data obtained fmsn 

an experiment i n  which a direct s q U n g  of the medium is 

attempt&. Charge on space vehicles could conceivably introduce 

appreciable electraanechauical drag, particularly in  the Van 

Allen Radiation B e l t ,  and hence influence space flight. 

Rocket Results 

Electric fields of the order of 500 volts/meter were measured 

at the surface of a U. S. rocket, i n  the presence of a strnng rf 

field produceti by an ant- M a t i n g  a 4 MC si- fram the 

rocket. 

fram kinetic theory, it is believed that this enhancement was 

caused by the presence of the rf field. 

Since this field, was about 20 times greater than expected 

The field distributian 

was a lso found t o  be affected considerably by photoemission fram 



2. m e t i c  Field 

Backdgouna 

Ibltlhom magnetization was a phenomenon lmawn t o  the 

ancient Gmeks, it was considered chiefly a8 an amusing curiosity 

unti l  the mnese discovery of the magnetic ccangass during the 

Middle Ages revealed w h a t  turned out t o  be the most imp0Pe;ant 

application of magnetism for  centuries t o  follow. The magnetic 

compass has been wed by navigators since the eleventh century, 

but it was not mtil  1600 that Gilbert pointed. out that the earth 

itself behves as a giant magnet. Wing the past century mag- 
* 

netic observatories and$ surveys have provided rough maps of the 

magnetic field at the surface of the eartho 

orientation of: the main field am subdect t o  a slap secular &rift. 

Geological differences introduce surface imegUQarities c u e d ,  

The strength and 

ammalieso 

lar diurnal variations w i t h  superimgosed irregularit ies,  such as 

magnetic disturbances and s t o m .  

t ions are caused primapily by electr ic  cuprents i n  and above the 

ionosphere. 

definitive answers must await &ipec& measurements $ram space 

vehicles. 

according t o  the inverse cube of the distance t o  the center of 

At a. given location sknsitive i n s t m e n t s  reveal, regu- 

It is  believed, that these varia- 

However, due t o  the LimitationE of" g'kound observations, 

Although the magnetic f ield deereases i n  intensity 
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the earth, i t s  effect u p o ~  the atmosphere above 100 lan increases 

rapidly with alti+,ude ' A t  much greater heights, where charged 

particles predominate, the earth's atmosphere is controlled by 

the magnetic f ie ld  rather than by hydrostatic conditions. The 

problems associated w i t h  the magnetic f ie ld  cover a far greater 

scope than indicated above. They range from basic questions 

concerning the very existence of the te r res t r ia l  field. and its 

possible relationsbip t o  the i n i t i a l  formation of the earth, t o  

speculation concerning the values of interplanetary and inter- 

stellar fields and the manner i n  which these affect cosmic rays 

and auroral  particles. 

Rocket Results 

Masurements into and through the E-region, a t  the magnetic 

equator and i n  the aurora l  zones, have demonstrated the existence 

of e lectr ic  currents in  the lower ionosphere. !These currents 

were found t o  be far m o r e  irregular than anticipated. The need 

for  absolute magnetmeters i n  space research has greatly stimu- 

lated tk develope& of new types of magnetometers which have 

found great practical use on the earth's surface i n  military and 

civil ian applications a 



E, FIELDS 

Background. 

Although the names of Newbor?. and Einstein are usually 

associated w i t h  gravitation, this f i e ld  has attracted, the interest 

of, and, received. contributions from, a galaxy of: scient i f ic  geni- 

uses, including Gal,ileo, Euygens, m e r ,  BernouiUi, Laplace, 

Lagrange, d'AlernbePt,, and Hamilton. At thB present time, the 

best theory concerning tbe nature of gravitation. is  Einstein's 

general theory of relativity,  which asserts that gravity results 

from a distortion of space-time. This theory is, however, s t i l l  

far from being errtixLy satisfactory. For example, one does not 

bow whether or not there is a "velocity of propagation" associated 

with grwitation; the relationship, i f  any, between the theory of 

the electromagnetic f ie ld  and. the gravitational fiead has not y e t  

been discovered. 

are required t o  test adequa%eIy the theory of re la t iv i ty  and t o  

ContsoUed experiments on ara aetronomicd scale 

dletect soime peculiarity of the law which may Lead. t o  a mope funda- 

mental understanding. 

A large group of problems falls within the framework of the 

Newbonian Law, such as the long-time s tab i l i ty  of the solar system, 

th gravitational f ie lds  of the planets, the gravitational f ie ld  

of the earth, and the manner i n  which these fields &feet space 

trajectories OF reveal the internal  constitution o f t h e  planets. 
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baket Results 

In a broad sense, ea& rocket fl ight pruvides a new verifi- 

catian of gteyto~1's laws. Rocket experiments, hrwever, are too 

short t o  detect gravity anopnalies or t o  contribute t o  OUT kncw- 

ledge or relativity.  

S a t e U t e  Results 

The periods of a r t i f i c i a l  satellites are so much shorter 

than those of tbe moon and plauets that  we can observe i n  a few 

marths eFfects which may re- centuries t o  detect from the 

motions of natural celestial  bodies. Studies of variatians in  

the orbit of 1958 Beta (Vanguard I) indicate that the traditional 

concept of the earth 88 a spheroid equally flattened at both poles 

and bulging at the equator must be slightly a f i e d .  Actually 

satellite studies show that the earth i s  slightly pear-shaped, 

the longitudhal axis  of the pear being along the earth's axis of 

rotation and tbe stem of the pear being i n  the northern hemisphere. 

These results have importar& implications regading internal . 

stresses existing within the earth and concerning the mechauicsl 

strength of our planet. 

Very recent results, 00 derived from the orbit of Vanguard I, 

indicate that  the bulge around the earth's equator is about 500 

feet thicker than had been believed. The equatorial bulge appears 
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to be greater than can be sqlafned by the "hydrostatic equilib- 

rium" concept, according t o  which the earth 's  mantle i e  flexible 

and bulges under the influence of the earth 's  rotation. 

appears tbt the bulge develoged ems ago and. that the mantle 

It now 

has since hardened and held its bulging shape. 

Background 

The study of the havens is ara ancient science, During i t s  

ewly development which lasted several miU,ennium, visual 

observations Boon revealed a number of regular phenomena such 

as the annual procession of fixed coaasteUatfons across the firm- 

ament. The m 8 . j ~ ~  planets, although erronemsly believed t o  be 

"wandering stars;" were identified and, neuned after the g d s  of 

G ~ e e k  mythology. G r e a t  cs1eatia.l. events such a~ the occurrence 

of eclipses, the bisp'Eay of unusual meteor showem, and the 

appearance of comets were viewed with awe and recorded i n  the 

chronicles 09 h i s t o r y o  

d u r a  the past three centuries with the discoveries of the tele- 

Although astrmamy expanded considerably 

scape and o f t h e  spectroscope, t h e  decades ago %his science was 

s t i l l  limAted t o  investigations in the visual spectrwn. Radio 

aStroncngrp which developed primeL1.ily m e r  World W a r  11, opened 

a new and much wider window %bough which the s u e s  could be seen. 
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However, a large portion of the electrcmagnetic spectrum of the 

universe is absorbed in  the earth's atmosphere and can never 

reach an observer on the grouxd. ?!he progress made in the f ie ld  

of rocket astronomy during the past decde sbws that this last 

limitation is  nar rapidly being overcame. An unimpeded view of 

the universe is of course essexitial t o  the solution of many 

fundamental astroaomical. asd cosmological nroblems such as estab- 

lishing the distribution of energy and matter in  space, or  

determining the origin, evolution, arad destiny of the universe. (Fig. 5.) 

Rocket Results 

Rocket astronauy i s  being pursued vigorously by scientists 

i n  the United States. m e i r  results, which have been obtained 

by both spectrographic and photometric techniques, falL into two 

broad categories: (1) the extensfon of previms knmledge, and 

(2) the opening and pioneering of new fields. The tvo examples 

which foUow w i l l  i l lus t ra te  work done t o  clarify already known 

phenomena. 

1927 remained uneqlained unt i l  a series of "push-button" rocket 

flights conducted duping IGY conclusively demonstrated that hard 

solar X-rays were responsible f o r t h e  enhanced D - l a y e r  ionization 

during these fa&-outs. The 100 Zrm uncertainity io the height of 

the emission layers causing the nightglow w a s  reduced t o  within 

Radio fade-outs which first attracted attention i n  
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a few km by the first rocket flight instrumented for t M s  measure- 

ment 

t o  solye long-stanibing problem. 

In both cases very rapid prrogmss W S 8  made by u s i w  rockets. 

New fieblswm%m.nveiled by rocket astronomy i n  solar, inter-  

planetary and gdsctisb, studiese 

unknown beLm 390 Angcstroms baas now been quite thoroughly 

investigated d m  t o  about I Angstrom. 

continuum gives way t o  an emission l ine spectrum+ m e  most 

prominent featwe in the far ultraviolet region is the very 

intense Lyman alpha Bine of hydrogen at U 6 A .  

was also %owid to originate from ur%l directions of interplanetary 

space. V e r y  recently the sun was photographed i n  the light of 

the Lyman alpha Line. 

was the uewgeeted discovery of nebulae obsemable only in  the 

faz ultraviolet region of the spectrumo 

Satebbite arydl Probe Result$ 

The solar slpectpum, previously 

0 
Bebow about 18WA the 

0 
This radiation 

Rrbape %he most spectacular achievement 

Data CQUC~XTI~II$ micrometeore were obtained from the United 

4 States satellite, E . Q P Q ~ F  I. !!?hem data indicate that EO tons 

of meteoric material accumulate daily on the surface 0% the earth. 

Such meteor: data provide baefc inforination related t o  %be composi- 

t i o n  and 

measured 

quantity of' matter i n  intekaplanetary space. Also being 

are the penetration probability of meteors and their  



. 

erosion rates fo r  various surface materials. The effects of 

meteore n u t  be accurately kxmn i n  order to include ailequate 

ssf;cty factors in the design of vehicles for  apace nsearch 

and space travel. Effec ts  of meteors csn be detected 00 in 

the earth's atmosphere, as evidencdby correletiom between 

meteor showers and rain precipitation or by the presence of 

ionization alosg meteor trails in the E-region of the ionosphere. 

The ionosphere, however, is produced p%mar4ly by the solar 

ultraviolet radiation, with occasional enhancements fraa X-rays, 

as established conclusively by rocket astranaany. These exmiples 

of the aoerlappiag ramificatioars of the variaue disciplines are 

typical of the close relatianship between the different areas of 

upper atmosphere and space research. 

C. BIOSCDHCES 

BaCkgrOLlIld 

Hew fields of medicine andbiology have recently developed 

as a result of man's increased success in le- t e r r a  firm, 

his natural environment. The age-old desire of overcaning gravity 

w a s  first realized with the balloon -cent of Pistre de Rozier 

i n  1783 i n  Paris.  

dynamic f l ight  with a heavier-than-air vehicle. 

nanrely flight w i t h o u t  any support by air, has ncrw cane into being. 

The W r i g h t  brothers in  1903 achieved the first 

The thin3 step, 
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In conventional bUoora -cents, the medical problems extend 

no further than asygen deficiency eubd. extremely cold temperatues. 

The numerous mdfcab problems gpesentedb by flight i n  propeller- 

driven ma jet-driven airplanes have, amiq the past 40 years, 

led t o  the development of aviation mediciae. 

init iated i n  1949, is concerned with the even greater medical pro- 

blems presented by space operatione. 

effects of high acceleration, weightlessness, exteded isolation, 

and harmfkd radiation. 

field of space engineering, such as meeting the foal and respir- 

ation requirements of astronauts. In a broadler sense, the 

opporbunity now exists t o  eo.nduel fundmental bffe sciences re- 

search in extraterrestrial environments. 

Space naedicirre, 

Tygfcal problems are the 

M y  of the problem overlap into the 

With the appearance of vehicles capable of reaching the moon 

and.planets, them w i l l  also be the opportunity t o  look fo r  evi- 

dence of eAxtratesrestrihsJ. l i fe  forms. !this is, In fact ,  one of 

the most exciting prospects 0% space research. 

Rocket Results 

Monkeys and mice, flown in a rocket from New Mexico i n  1953 

were aubJected t o  accelerations up to 14g without any apparent 

hapm. To determine factus which affect tolerance t o  weightlless- 

ness, one mouse had. i t s  balancing organs d,estroyed but w a s  taught 
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t o  do without them. 

rocket flight, as Shawn by a movie taken in the rocket, w h i l e  

the other mouse with a no- sense of bnlnnce showed signs of 

distress indicated by its frantic motion. 

of this type have included rocket fl ights and recovery of dogs, 

who shmred no evidence of harm f’rm %heir t r i p s  into space. 

This mouse appeared cclmfortable during the 

Soviet experinwits 

Very recently (28 May 1959) the U n i t e d  States launched two 

female rnorkeys 300 miles into space and brought them back alive 

and well. 

only slightly, if  at all, from the stresses of tah-of f  and the 

strange sensations of weightlessness. Several t iny  samples of 

animal and vegetable matter were also carried in the nose cane 

for additional studies of the effects of cosmic rays and weight- 

lessness. 

achieved since the samples were recovered i n  good condition. 

Satellite Results 

Telemtered data indicate that these monkeys suffered 

Sone success i n  evaluating these effects may be 

Thie most spectacular biological experiment conducted i n  a 

satellite t o  date was perfonned by the Suviets. The flight of 

the dog “Laika” i n  Qutnik I1 has received such world-wide 

publicity, that f’urther elaboration is hardly required in this 

summary- 
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111. TECHJKlQUES CP SPAeE RESEARCB 

merimenters are interested in rockets because rocketa 

afford a means of camydng scientific instrumentation t o  a l t9-  

tudes not heretofore attainable. 

laboratory bench t o  a rocket moses many restrictions on t'ne 

researcher and h i s  equlpeslt, 

soundhg Pocket launches, a considerable group effort  is fravolved, 

and the experimenter f b d s  that  he is but one member of a vast 

team of workers, each w i t h  an exacting Job t o  perform, 

%n designing the experbent the scient is t  must beep in mind 

However, the transit ion from a 

21 any except the s b p l e s t  of 

that the eapab%lft%es of" %he vehicles t o  be used place limita- 

t ions on the weight and size o f  the experhefital installation, 

and on the trajectory o r  orbit  t o  be obtained. 

merits such as f f r b g  on a cerbain day or time of day, o r  the need 

t o  conduet a h1mehh-g through an auroral display OP a t  the t%me 

of a so lar  flare, may introduce serious compl%cations into the 

firing operation. 

Special require- 

Schedules must be planned and adhered to as far as ie physical- 

l y  possible, The fai lure  t o  

meet a deab?_he usually hvolves the shif t  of the remaining POP. 

t ion  of the scheduling and consequent fa i lure  t o  meet the planned 

launchhg date. The t o t a l  t h e  necessary %or ground preparations 

& a a b e s  are set and m a t  be met, 
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and planning runs frcsp about 1/2 year t o  2 years. 

IWprlaentation with mual l  sounding; FoclLertz~ is a canpara- 

t1-V 8-h and Inexpensive procedure and Esy be undertsken 

at a group level bssfs. 

satellite or  space probe, however, is a giejentfc operation in 

cuupledty and expense, aad can be undertaken only by tremendous 

teams, saaetimee international in scope, 

The instrumentation and launching of a 

A, V E g I C I E H W I R O ~  

In designing hie equipwnt and in interprethg the data 

at a later date, the experimenter nntst bear in mlnd the various 

motions that a roeket undergoes during f w t ,  and he must con- 

sider the effect these motions will have on his eclentiflc inetru-  

mentat ion 

The normal accelerations experienced i n  a liqyld rocket dur- 

ing flight run from a few times accelemtlon of gravity t o  perhps 

as wzch as 2Og. 

celerations from 508 t o  lOOg nay be encountered. 

be kept in mlnd in the designing and building of eqpipnent, 

During actual flight in a rocket, each cauponent Will have its 

effective w e i g h t  increased by the mamber of g's  acceleration being 

merienced,  

With fa& burniug solid roelcets, however, ac- 

Such facts must  

After the rocket motor has ceased burping, there is 
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then a period of f ree  f a l l  during which a l l  equipment is weight- 

less.  

a som- rocket or  returning space probe, by a period of deceler- 

ation 8s the rocket reenters the appreciable atmosphere on its 

return t o  the ground, 

returned rocket, then it must be protected against both the 

atmospheric deceleration, and the high deceleratims occurring 

during the rocket impact. 

This portion of the f l ight  is  then followed, in the case of 

E equipment is t o  be recovered from the 

Rocket vehicles undergo considerable vibration while the 

rocket motor is f i r ing,  

of frequencies, and ofttimes show severe resonance effects. 

Delicate equipment and sensors must be properly mounted i n  the 

payload 5.n order t o  protect them from destruction by the rocket 

vibrations 

These vibrations occur over a wide range 

Unless post burnout stabilization is specifically provided, 

much of the stabilization bui l t  into a rocket w i l l  diminish or 

disappear after t h e  rocket motor has burned out. Uncontrolled 

rockets usually undergo a variety of motions during unpowered 

f l ight ,  including spin, precession, and tumbling, "he amount of 

precessfon or  tumbling is often reduced by intentionally intro- 

ducing a s p b ,  somethues by Blfghtly canting the rocket fins so 

that during the powered f l igh t  i n  the lower atmosphere the action 
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of the air et- on the canted bins will cause the rocket t o  

Vfn. 

!J!he ezgerimenter must Fegepbep that *ea the vehicle is in 

free fall the foree of gravity l e  eiYeetively absent, and he must 

consider Whether the force of gravity fs required for  the opera- 

t ion  of his particular eqglpuent. 

lntrodnce a ce&xWugd force field by mtatPng eqyigment, o r  by 

actually spinning the  vehicle itself t o  e v e  an effective gravita- 

tional field wher: the equ%pent demnda it. 

It %e scawtimes neceemry to 

lphe decelePatfolPs eqperienced in &et vehfslee are ubually 

incansequential in  their e f f e c t s  

and the effects of vibratfanss., Deceleration beca~es &sportant, 

howcvep, when the wrfneater wP&ee t o  recover hie 

In thfs event, aiiditional deceleration atus% be secured to  reduce 

the lapact velocity mxtticfent3.y t o  avofd destruction ob the 

experimental. equipment upon This deceleration can be ae- 

ecmpuhed by deliberately destlroyfng the EtremUned aerodynaaic 

shape of the rocket during I t a  pettrrn t o  &he 

charges, de%omated at the desired t3me either autopvptically or  by 

ground cclslando are eff'eetive in Beparsting the vehicle into sev- 

e r a l  portfans whleh, due t o  poop aemdynamlc shape, M3.l fall to 

eaxrt3 w%th redaced v=ebcit$es0 

t o  accelerative forces 

Bplosive 

hation of the equipnent t o  be 
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recovered. b an af te r  goPt%on of the rocket and dfsmption of the 

streamlined contours of a rocket generally permit retriev- the 

payload portion euf%ieieg.t;Iy intact that the scient i f ic  hstm- 

mentation can be recovered, 

Spin and tumbling of a rocket vehicle La not always a d r a w -  

back. 

ning motion of the vehicle t o  give him the coverage necessitated 

by his instruments where scanning of the sky o r  earth is desired. 

The experhenter smetimesP can take advantage of' the spfn- 

!The speeds of Mgh alt i tude rockets when traveling through 

the lower atmosphere are suff'fcient t o  cause considerable surface 

heating, especially on the frontah surfaces. Ordinarily, th is  

heating 2s no% severe enough nor of a long enough duration t o  

affect the payload instrumentation rseriously, 

atwee can rise to  400°Ce~tfgrade or  more, and this fact  must be 

borne in .ml.nd in the design of any e,ssterEor equipment, including 

radio anatemas, Xnstments which must extend fnto the air stream 

such as special probes, etc o ,  mst be especially designed with th i s  

heating requirement in mhd0 

The surface teqper- 

An exprimenter who is attempting t o  determine composition or 

make pressure Sneaswments must bear in mind the fact  that the gases 

from the rocket motor are a very dfsturbhg itnfluenee i n  the envir- 

onment of the vehicle and that a t  the hfgher alt i tudes above 100 
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3ms the pressure of gases frm the rocket are suFficient t o  dis- 

turb pressure measurements. Likevise, contamination frcm rocket 

gases will i n a d a t e  the data obtained frm mass spectrc&ers 

and similar equipnent. 

A rocket i n  the uppr reaches of the atmosphere is in a 

different environment of I.gidiat,ion than the experbeater on earth. 

The atmosphere of the earth absorbs a very considemble portion 

of the electromagnetfc radiation of the sun, 

action by the earth's atmosphere no longer exists in the upper 

atmosphere and the experimenter must plan ahead t o  be certain 

that the eqdpment he is  using w i l l  function as intended under 

conditions of exposure t o  the complete gamut of solar radiation. 

This protective 

SateUtes and Space Probes - 
Scientific equipment in satellites and space probes must 

l ive  through the same s o r t  of  environment dwhg the launching 

phase that equipment in sounding rockets must survive. 

general, however, there is a significant difference. 

In 

The satel- 

l i t e  or space probe equipment need only survive the  rigors of the 

launching regime and then operate properly thereafter. 

case of the sounding rocket, on the other hand, many of the 

measurements are made during the f i r ing  interval, an& most of them 

are made w h i l e  the rocket is still i n  the earth's atmosphere. 

In the 
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The useful functioning of a sa te l l i t e  o r  space probe occurs 

when the vehicle is in the outer reaches of the earth 's  atmosphere 

and beyond. 

complete weightlessness, under the unrestricted radiation from 

the  sun, in the presence of any p h m s  or  charged par t ic le  

streams that may be encountered such as in the Van Allen Radiation 

B e l t ,  and ia the face of bcanbsrdment by mkmmeteors. 

tenance of a proper temperature regime within the satellite or 

space probe vehicle becomes a problem of major importance, 

tinued automatie operation over Long periods of time places a 

special premium on extrexne rel iabi l i ty .  

Equipment must therefore be able t o  function under 

The m a i n -  

Con- 

Actually, experience with sa te l l i t es  and space probes i$ 

only in i t s  begfining stages. 

w i t h  great care and attention t o  temperature, v%brationa, vacuum, 

and the long term rel iabi l i ty  problem, wi th  adequate attention t o  

survival during the launching period, and w i t h  very rigorous 

testing prior t o  the launching, it has been possible t o  build 

satel l i tes  and space probes that function as intended af te r  being 

launched 

However, it has been found that 

Bo T ~ O R I E S A N D O E B X T S  

The path fn which a celest ia l  body moves about the center of 

gravity of the system t o  which it belongs is called the orbit  of 
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that body. 

a r t i f i c i a l  sa te l l i t es  or space probes, 

only once, it is of'ten referred t o  as the trajeotory of the body. 

For example, the path of the ve-rtical sounding rocket which con- 

sists of 8. r i se  t o  a peak altitude end then an innaediate return t o  

earth is referred t o  as the trajectory of the rocket. 

a space probe projected out along a path along which it escapes 

frm the earth is  sanetimes referred t o  a~ the trajectory of the 

space probe. 

The term o rb i t  is slmilarly applied t o  the paths of' 

When the path is traversed 

Similarly, 

The types of paths in space are determined by the grsvitatloa- 

al properties of' matter and Newton's l a w s  of motion. 

ing the possible paths about the earth, for  example, it is usual 

t o  assume that the mass of the earth is concentrated a t  i t s  

center, 

t rue paths, wkkh may then be corrected by more refined calcula- 

tions when more accurate knowledge of the actual path i s  required. 

For the simple case of a body revolving about a gravitating mass 

point, o r  a perfectly spherical gravitating mass, it is found that 

the paths are conic sections, that is ellipses, parabolas or hyper- 

bolas. 

In calculat- 

Such calculations give f i r s t  order approximations t o  the 

The most familiar one, an e u p t i c a l  orbit ,  is dosed 0;1 

i t se l f  and is  traversed repeatedly. The point of closest  approach 
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t o  earth i s  termed the perigee, that of the greatest distance 

from the earth the apogee. The circular orbit  i s  obviously a 

special case of the e l l ip t ica l  orbit. The hyperbolic path i e  

open, extending t o  infinity,  The borderline path between these 

two is another special case, that of a parabolic path. 

By definition, the velocity necessary to  establish a 

parabolic orbit is  termed "escape velocity". Hence, a vehicle 

launched into unpowered flight w i t h  escape velocity o r  greater 

w i l l  follow an open-ended path. 

escape velocity w i l l  assume an e l l ip t ica l  orbit. Escape velocity 

increases as the square root of the planet's mass, and inversely 

as the square root of the distance from the planet's center. 

Table 1 lists the surface escape velocities fo r  a few planetary 

bodies of interest ,  

One launched with less  than 
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Mercury 

V a U S  

Earth 

Moon 

Asteroid Ems 

Mars 

TABIg 1 
M a c e  Escape Velocity 

Meters Per Second 

4,145 

10,240 

2,378 

Approximately 15 

5, Ogo 



Satel l i te  Orbits 

Idealized satellite orbits are calculable by classical  

methods of physics. 

planning the original orbit  and in  specifying the launching con- 

These calculations are of great value in  

d.itioneo However, a sa te l l i t e  i n  orbit  is subjected t o  a number 

of influences not t&en into account in  the simple approach 

mentioned above. Of these influences, two are conspicuous by 

the i r  importance. 

but bulges at  the equator, 

The earth is  not a true homogeneous sphere, 

This produces noticeable perturba- 

t ions of the orbit  of a sa te l l i t e ,  the principal effect being t o  

cause the plane of the o rb i t  t o  precess i n  space. Also, at 

heights within the atmosphere, air  drag consumes sane of the 

sa te l l i t e ' s  energy which eventually culminates in a retiurn plunge 

of the satellite t o  earth., 

The perturbations produced i n  a sa te l l i t e  orbit  by gravity 

effects are of value i n  furnishing information concerning the 

shape of the earth and the distribution of i t s  mass. Atmospheric 

drag yields infomation concerning the density of the atmosphere 

at  sa te l l i t e  alt i tudes e 

Table 2 lists the velocity, period, and estimated l i fe  of a 

sa te l l i t e  i n  a circular orbit .  
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TABLE 2 
Satellite in C i r c u l a r  Orbit about the Earth 

*Ignoring the atmosphere. 

90 mrin. Days to months 

93 mrin. Years 

loo Blln .  h C s d e 6  



Calculations of the accuracy of velocity and guidance needed 

t o  project a s a t e l l i t e  into a circular orb i t ,  indicate that it is 

quite difficult t o  deliberately achieve even a nearly circular 

orb i t .  

s a t e l l i t e  into an e l l i p t i ca l  o rb i t ,  

orbit  varies i n  alt i tude in  f ts  travels around the earth. Th i s  

variation is often needed t o  accumulate data as a function of 

a l t i t u d e  as well a8 geographic location. 

bdeed, far more often f% is desirable t o  program a 

A satell i te i n  an e l l i p t i ca l  

It can be proved that the orbi ta l  plane of a s a t e l l i t e  must 

pass through the center of the earth, 

the orbital plane with the ezx-th a t  any instant during flight is  

a great circle. The rotat-ion of the earth, however, causes the 

path of' the sa t e l l i t e ' s  suborbital point t o  wind back and f o r t h  

over the surface of the earth, since a$ the earth turns eastward 

the suborbital poi& terida t o  move westward. 

general t h e  track of a sa t e l l i t e  w i l l  i n  time completely criss- 

cross the belt on the earth between the maximum northern and maxi- 

mum southern latitudes reached by the sa t e l l i t e ,  

interest these maximum n.orthern and southern latitudes (a) w i l l  

always be equal, (b) w i i 9  be the  sane as the inclination of' the 

sa t e l l i t e ' s  o rb i t  t o  the earth 's  equator, and (e) can never be 

less than the  lati tude a t  which the  sa t e l l i t e  was injected into 

!l%us the intersection of 

As a result, in 

As a matter of 
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i ts  orbit. 

There are seveml sa t e l l i t e  orbi ts  of sufficient interest 

t o  merit special mention. First, a s a t e l l i t e  bunabed due eaet- 

w a r d  above the equator into a circular orbit  of 35,400 loll height 

w i l l  appear t o  be stationary i n  the sky. Th%s X z l l  be true since 

the  period of revolution of such a sa t e l l i t e  is 24 hours, exactly 

the period of rotation of the  earth. 

were not launched due eastward, but were placed i n  a circular 

o r b i t  of 35,400 km height, it would s t i l l  have a 24 hour 

period of revolution. 

south of the equator it w o u l d  at times dr l f t  t o  the west of the 

i n i t i a l  meridian and at  other times t o  the east, remaining, 

however, w i t h i n  the general vicinity of its initial meridian. 

Even if such a sa t e l l i t e  

Thus as it appeared t o  move north and 

In general, f o r  a s a t e U t e  moving In an e l l i p t i ca l  orbit, 

the position of the perigee moves around the orbit. 

a near satellite of the earth, however, if' the  inclination of the 

orbi t  t o  the equator is about 63O, the perigee w i l l  remain at a 

fixed latitude. 

In the case of 

A near satellite of the earth can be made t o  remain at a l l  

times in about the same position with respect t o  local 6U.n t he ,  

by hunchhg it into an orbit inclined at 83' t o  the equator. 

such a case the plane of the orbit precesses at about the same 

In 
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rate tha t  the plane of the t w i l i g h t  zone of the earth moves in 
I .* (! , ' 

space due t o  the revolution of the e a d h  about the sun, 
, I  

E' the 

sa te l l i t e  i s  injected into orbit  in such a direction that  it 

moves i n  a general westward direction, then the orbftal  plane 

w i l l  precess t o  the east a t  the same rate  t h a t  the plane of the 

twilight 20ne turns 

A sa te l l i t e  Launched a t  an angle just  sufficient t o  camel 

the eastward eompomnt of the. ear th ' s  motion w i l l  have an orbit  i n  

which it passes over each pole of the earth durL1g each revolution. 

If the perfod is not an hxegral  divisor of 24 hours, such a 

sa t e l l i t e  w i l l  i n  the course of time completely scan the ear th 's  

surf'ace. 

Sounding Rockets 

The sounding rocket i s  generally f i r ed  with the deliberate 

intention of achieving the highest posefble alt i tude.  

usuctlly f i red  in  an almost ver t ical  direction w i t h  jus t  enough 

inclination t o  f a l l  at  a safe dietmce %rum the f i r i ng  s i te .  

Many different sounding rockets are in common useo For 

It is 

heights below about 250 kmj the experimenter can usually select 

a vehicle which w i l l  meet h i s  payload and alt i tude requirements. 

Above t h i s  al t i tude the choice is quite limited and the vehicle 

cost rises considerably. 
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Space Probes 

A space probe I s  a vehicle, not an earth satel l i te ,  that 

penetrates deeply into space far beyond the vicinity of the 

earth and the earth's atmosphere. 

probe nmy be regarded as a suger alt i tude sounding rocket, but 

fo r  convenience Ff the vehicle goes beyond, say, one earth's 

radius we c a l l  it a space probe instead of a sounding rocket. 

The orbits or trajectories of space probes may be highly elong- 

ated ellipses, o r  parabolas, or hyperbolae with respect t o  the 

earth. 

planetary w e ,  the sun's gravity becasaes the controllhg 

factor i n  determinipg the path of the space probe. 

although a t  the present time it is possible t o  project vehicles 

along paths t h a t  are hyperbolic relative t o  the earth, so that 

they will escape fraa the earth, once the sun's gravLty takes 

over as the pred-t controlling influence the orbi t  becomes 

an ellipse relative t o  the suno The ab i l i ty  t o  project a probe 

into a path that will be a hyperbola relative t o  the sun as well 

as relative t o  the earth w i l l  depend trpon a considerably greater 

advance in rocket propulsion capabilities than we now have. The 

path of a space probe will also be -Led 3f the probe comes 

within the hfluence of some other large gravitating body such 

In ~189y respects the space 

But once they have been prujected far out into Inter- 

!Phua, 
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as the moon or  a planet, 

ment o f t h e  paths of space probes l e  not possible, 

path for a speeif-Le vehicle m ~ i s t  3e described in terns of i t s  

mission. '.!Pyptcal mfssions: mmSght be: shple escape frm the 

earth; to orbit about the .mom; t o  land on the moon; t o  orbit  

about a planet; to lmd 03 a ~ l m e t ;  or to orbit about the sun. 

The energy required t o  give a vehicle escape velocity from 

the earth is 80 great that space probes a r e  h r g e  and expensive 

vehicles. Three or  m r e  stJsges are generally used an& guidance 

may be require& b one or" more of these stages If it is desired 

t o  examine a particular region of space, 

For +,he above reasons, a s+le t reat-  

The specific 

Highly specialized tracking and telemetry b s t a l l a t i o n s  are 

require% in order t o  receLve data from the vek;i.cPe a t  the great 

diet  ances involved 

C, GRCJ'ND S J " O I E  AENTITES 

Extensive ground support facfXittee are necessary f o r  the 

launching of somdbg rockets and t he  recovery of data f~om them. 

These facilftltee inelude the means uf handlbg, preparing, and 

f i r ing the rocket, and far tracking the vehicle during i ts  f l ight .  

Usually the  data are recovered by radio techniques, f o r  which it 

is necessary t6 have s, teimetering s ta t ion  at  or near the launch- 

ing si te ,  When recovery of records o r  equipment is necessary 
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because of the type of instrumentation euployed, then special 

recovery f ac i l i t i e s  must be available. 

SateUtes and space probes require supporting f ac i l i t i e s  

located strategically throughout the world. These f ac i l i t i e s  

must contain eqyipment for the  track- of the space vehicle, 

and f o r  the reception and recording of the information tele- 

metered back t o  earth. 

necessary handling, preparat:an and launcfxing fac i l i t i es ,  sup- 

ported by an adequate and experienced staff. 

The launching location must contain the 

Whereas the recovery of equipment frat sounding rockets is 

now effected with a rather high degree of succees, recovery of 

a s a t e U t e  is a technological problezn awaiting solution. 

fore, radio telemetry of infomation during flight is mandatory 

f o r  sa te l l i t es  and deep space probes. In a l l  cases the experi- 

menter needs t o  know the altitude and location in space a t  which 

the data were obtained, and consequently precise tracking of the 

vehicle is necessary. 

There- 

In numerous systesls both optical and radio methods of track- 

ing  have been used. 

Combinations of the t w o  are usually used, and an excellent 

discussion of a system used in tracking sound- rockets and 

In general no one method is suf'f'icient. 
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guidedmfssiles is found in a description of the White Sands 

equipment+, For such applications the location of the optical  

and radar tracking fac i l i t i es  used must be precisely known w i t h  

respect t o  the launching s i t e o  For a f i r ing a t  a range such as 

White Sands the upper air experfmenter can usual ly  count on 

knowing the location of a rocket as a funetfon ~f' t h e  t o  within 

1/2 lan. 

For satel l i tes  and space probes the tracking net required is 

much more extensive than that needed in the case of a sounding 

rocket system. 

U. S, IGY sa te l l i t e  program i s  an example of the sort of radio 

tracking net required f o r  satell.ite observation, 

The Minitrack network used in connection with the 

The dozen or so stations equfpped w i t h  Esker-Nunn cameras 

for use in the IGY sateli-fte program furnish a good example of 

the sort  of optical network needed for precision optical tracking 

of satellites and space vehicles. 

probes only the largest of antennas can hope t o  mafitain contact 

as the vehicle recedes into the depths of space. 

the big dish a t  Jodrell  Bank, o r  that at Goldstone i n  California 

In the case of deep space 

Antennas l ike 

* H i l l ,  R. L., Trackfig Guided Missilee w i t h  Radio Doppler, The 

Rice Engineer, 1, 6-15, December, 1952. 
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are required. In order t o  obtain optical sightings or photo- 

graphs, the largest telescopes became n e c e s m .  

D. S C ~ I F I C ~ A ! F I O a O  

In general, conventional instrunentation as used in the 

ground based laboratory is not directly suitable for installation 

in rockets or satellites. Power requirements, weight, and space 

considerations are of primary importance in these instances, 

and w i l l .  usually require t h a t  extensive redesign of the instru- 

mentation be made t o  adapt it t o  inclusion in the rocket or 

sa te l l i t e .  

erations, vl'brations, and various laotiom of tumbllng that a rocket 

or  s a t e U t e  undergoes may affect operation of the instrument. 

Detectors must be quite ruggedly built and, at the sane the, be 

condensed in to  as small a space as possible w h i l e  meeting scien- 

t i f i c  requirements. 

consideration must be given t o  the power requirements and the 

desired duration of the eqe rben t .  Additlorn1 consideration is 

necessary as t o  whether tke iwtrummtation is t o  be operated in 

a p r e s k i z e d  gackage, o r  whether it can be subJected t o  the 

decreasing pressure and P h a l l y  the amblent vacuum that w i l l  

surround high altitude rockets o r  sa te l l i tes ,  

output of the instrumentation must be of such fom, or  modified 

In addition, it must be borne in mkd that  the accel- 

EspeciaUy in the case of satel l i tes ,  due 

Further, the 
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t o  such a fom, that it can be telemetered t o  earth fo r  recording 

and eventual translation i n t o  useable information. 

In the case of rockets o r  satel l i tes  carryfng more than one 

piece of ins tmentat ion,  addStional thought m u s t  be given t o  

any interactions which may occur anong the instruments involved. 

Can they operate simultaneouely, or does the  physical presence 

and aperation of one instrument sect another instrument? 

Once the scientific fnstmentat lon has been developed o r  

modified f o r  use in a epace vehicle, it must be given very 

exteneive testing under the conditions m e c t e d  t o  occur during 

its use in  f l ight .  

After the design and build- of the instrumentation and 

the environmental testing of the prototme, the researcher must 

a lso determine the expected s tabi l i ty  of  the htrument ,  and pro- 

vide f o r  whatever inflight calibration may be needed, He w i l l  by 

th i s  time have a knowledge of' the accuracy and the q e c t e d  pre- 

cision of the instrument, but there still remains a problem. In 

first generation eQeriments the researcher may not know w h a t  

magnitude to  q e c t  for the parameter being measured, 

case it is wise t o  select instmentat ion capable of yielding 

information concernfig the level of the parameter, preferably as 

a function of time, altitude, and geographic coordinates, and t o  

In t h i s  
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seek detailed precise measurements in future flights af te r  the 

level  has been established. 

Wherever possible, it is scientif'ically and economically 

desirable t o  test izlstrumentatioa intended for use in  sa t e l l i t e s  

by initial firings in sounding rockets. 

of the equipnent irr a sounding rocket, and the successfkl inter-  

pretation of the data that is obtained, is a very useful prelude 

t o  inclusion of eqyipent i n  the much more eqenruive and prol i f ic  

bta-producing sa te l l f te ,  

me successful operation 

In addition t o  repiring spatial position as a f'unction of 

time, a great many merimente also require a knowledge o f  the 

vehicle att i tude and orientation as  8 function of time for proper 

Interpretation of the data, For instame, b s t m e n t s  dete- 

pressure and density are sensitive t o  rocket velocity and exact 

a t t i tude during flight, and a knowledge of the exact motions the 

rocket is undergoing is usually required t o  interpret the data 

correctly. 

detemine the cloud cover of the  earth or t o  map the U l t r a v i D l e t  

Scanniq experiments, for example wer iments  to 

radiations fman the aky, require a knowledge of the direction of 

search a t  any particular instanto 

Exact orientation, on the other hand, cannot usually be 

unambiguously obtained from the ground. It is  of'ten necessary t o  
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include eqdpmmt in the rocket or s a t e l l i t e  which w i l l  measure 

the vehicle's orientation, In some cases the orientation can be 

obtained by careful Interpretation of' such data as the variation 

of rad io  eignal strengths, variation of so la r  intensities, mag- 

netic f ie ld  strengthe, e tco 

In  sounding rockets the dnclusion of special cameras in the 

rocket is  one of the most precise means of obtaining th i s  infor- 

mation. 

of this  Information. 

However, recovery of the film is necessary t o  W e  use 

E, I " T A T I 0 N  WHICH HAS BEE3l USED 

Accurate scientific measurements require a foundation of 

preliminary measurements, The first step, of course, is  that of 

detection. After detection, a rough establishment of level of 

intensity is necessary, 

t o  &e accurate measurements of the physical quantity under 

investigation 

It i e  then possible t o  design equipment 

Table 3 lists instrwnentation which has been used i n  rocket 

Only primary measured quantities are l isted,  sounding program, 

so many equally important derived quantities, such as temperature, 

do not appear. 

quantities may a l so  be determined indirectly as, f o r  example, the 

determination of atmospheric constituents from the attenuation of 

Furthermore, there are instances in which l i s ted  
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various solar radiations w i t h  altitude., 

Table 4 lists experbents and instrumentation selected fo r  

use i n  satel l i tes  during the PGY Program. 

Selected Instrumentation Erramp les 

Instruments used in space vehicles are  often subjected t o  

extraneous disturbing influences 

i s  that of atmospheric pressure measuremeats at the upper alt i tudes 

An easily appreciated example 

where outgassing and rocket motor exhaust may produce as great as 

or  greater than the eunbiect pressure. 

An ingenious method of overcaning th i s  diff icul ty  is to  

measure the pressure modulation fnduced on the side of a roll% 

rocket af ter  it has been given an appreciable angle of attack. 

pressure gage of rapid response, such as a Philips ionization gage, 

A 

mounted on the sides of the rocket registers a sinusoidal pressure 

modulation of amplitude AB as the gage looks alternately forward 

and rearward, 

From kinetic theory, the denei typ i e  directly proportional 

t o  the pressure change AP and inversely proportional t o  the rocket 

velocity v, according t o  the expression: 

A radio frequency mass spec t rae te r  i s  an instrument which 

is highly suitable for  the detemination of t he  camposition of 
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c 

the upper atmosphere. By appropriate design the instrument can be 

used fo r  the determination of neutral ccarrpanests or  fo r  ions of 

either polarity. These Fnstruments have been built t o  cover 

ranges from 0.8 t o  47 a t d e  mass units, with an accuracy of 

about 20$ in argon t o  nitrogen ratio, a d  are useable t o  densities 

as l o w  as 100 ions or 10 6 neutral particles per cm 3 . Total w e i g h t  

is less than 22 kgm. 

The proton precessional ms,gletrmeter is ideally suited t o  

the quantitative measurement of very small changes in the earth's 

magnetic field, independent of vehicle aspect, t o  altitudes of 

approrlPlstely 3200 Inn, Absolute scalar  flux density mrsy be 

metuw with 

useable to a nirdmum flux density of 0,Og gauss- 

thie instrument is only 0.8 kg plus a power supply capable of 

supplying 150 watt-sec per measurement. 

aaawaq of 3 x 1.~06 gauss. m e  instrument is 

The weight of 

Positioning of E q u i p  ent 

The firing of any kt the  simplest of rockets is an involved 

process requiring coordination of many steps according t o  a Win- 

%e sch&ule. 

require attention in the last few hours before firing, should 

be designed t o  ni.n'haize this as much as possible, and the equip- 

ment should be installed 3.n the rocket. or sstelli+,e t o  be as easily 

Instnments, which of necessity are l ikely t o  
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accessible as possible. 

transmitter should be located i n  an accessible position fo r  last 

In all cases, the rad io telemetering 

minute testing and servicing. 

In the case of sa te l l i t e  or  space probe operations, the 

entire procedure is so very ccmrpllcated that it is important t o  

minimize the potential f i terferewes w i t h  the preparation of 

launcing procedure. Thus it is highly desirable t o  have a number 

of spare units, so that if the sa te l l i t e  or probe should begin t o  

malfunction during the launching operation, it will not be neces- 

sary t o  attempt t o  service the equipment, Instead, the sa t e l l i t e  

or  probe can be removed and replaced with an entire new operating 

unit  a 

Ia many caees, even though the equipment is installed in the 

interior of the vehicle, contact must be made with the outside for  

the sensing elements used. Even observational type measurements, 

such as spectral studies and radiation surveys, require a window 

of same kind, 

apertures upon the airflow about the missile must be considered. 

In either case, the effect  of protuberances o r  

Also, the heating effects during the rocket's f l ight  through the 

atmosphere must be considered by the experimenter with respect 

t o  location and type of material t o  be used for  windows. 

Generally, small protrusions which are properly faired and 
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eyrmaetrically located (using d . e s  if necessary) do not disturb 

8eriousJy the rocket flight performsnce. 

rece8s VindOwB slightly o r  t o  use protective covers which ax-@ 

discsrded at the desired t h e  by autamatic o r  ctxmwmd means.  

In  the case af a satel l i te ,  a protective nose cone may be provided 

durbg the early portlon of the launcMng, t o  be discarded &er 

the denser atmosphere has been left behind. 

It is advisable t o  

Fs ~ A l Q D p L p ; w I p 1 I A R S A N D ~ A B D ~  

IunarL8n- 

Known and anticipated technical capabiUties are such that it 

appears quite reasonable t o  expect epsce vehicles, capable of lunar 

inpact, t o  be launched witbin five years. The local escape vel- 

ocity frun the earth at an altitude of 560 Inn is very close t o  

10.6 Ina/sec. 

reach the moon is sligh-bly Less than this, Consideration of the 

variation of impact point OIL the moon as a function of variation 

of initial velocity, leads t o  the conclusion that mid course and/or 

telrminal guidance are necessary if a reasonably good assurance of 

success is desired. For instance, if the original velocity is 

O.OlO$ too low impact will occur a t  the western limb of the moon 

instead of the center; if the original velocity is O-Olk$ too high, 

-act Kill occur at the eastern limb of the moon. 

The minimum velocity which will enable a vehicle t o  

Variations 
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only slightly greater than t h i s  W i l l  result  i n  a lunar impact 

not visible from the earth. W g e r  variations w i l l  result  i n  

a lunar m i s s .  

of about 91.5 m/sec as the initial velocity increases t o  about 

10,7 km/sec. 

Velocity tolerance rises gradually t o  a value 

The allowable path angle tolerance is  about 4+O at near- 

minimum init ial  velocities, This decreases rapidly w i t h  s l ight  

increase i n  velocity t o  a value of about +O. 

trajectories which permit Large initial velocity tolerances are  

quite sensitive t o  initial path angle. 

Therefore, 

The t ransi t  time f o r  a free flight lunar -act trajectory 

i s  also strongly sensitive t o  i n i t i a l  velocity. 

velocity trajectory takes about 5.5. days. 

i n i t i a l  velocity of loo$ results in a 2 day flight, 

The minlrmrm 

An increase in the 

If it is desired t o  effect a sof t  landing on the moon w i t h  

the intention of having instruments survfve the impact, retro- 

rockets and additional guidance equipment w i l l  be needed t o  

decrease the  impact velocity t o  the desired amount. 

velocity t o  the moon f o r  unpowered free f l tgh t  is  a function of the 

i n i t i a l  velocity a t  the earth, but i s  never less  than about 2-44 

The approach 

km/sec. 
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Circumlunar Flight 

If a vehicle is launched t o  intersect the moon's orbit at 

a point ahead of the moon, and if the initial velocity of the 

vehicle VLIB not above the earth's escape velocity, it is possible 

t o  take sdvantage of the moon's gravitational field t o  Bwing the 

vehicle about for a return t r i p  toward the &h. 

of closest approach t o  the moon irr etroagly &!peadent ugon the 

initial conditions of velocity and angle, snd laay vary fran a 

grazing paeeega t o  about 130,OOO kilatmtsmr. The time for Q 

flight of this nature is again etrangly depemhnt upon the 

initial velocity aa8 conditions, and varies frapD about 6 aayS 

t o  about one month. 

The distance 

c). ARTIp'IcIALNo-- 

Imar Satellites 

It is possible to establish a vehicle in an orbit about the 

moon, if provision is made t o  reduce the approach velocity of the 

vehicle as  it nears the moon. 

Ilm/sec added near the point of closest approach is a representative 

figure of the magnitude Snvolved, 

Planetary Satell i tes and Lsnafigs 

A velocity &crease of about 1.22 

The various examples just  discussed for the moon represent the 

simglest possibilities. Theoreticslly it is e q p l l y  possible to 
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consider probes, return trips, and satelUtes for the planets, 

especially eo i n  the case of Mars and Venus. 

The greater distances involved, and the uncertainty in the 

value of the astronamical unit, however, place very exacting 

requirements upon the guidance equipPnent, both in tenns of ac- 

curacy and in terms of reliable operating W e .  

laid course and terminal guidance are needed. 

Highly refined 
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93x3 Internatid Geophysical Yeax p w a m  included a consider- 
able QBouILt of e w e  reeeamh. A8 a heritage frcm ICX - are 

h t r s l i r m ,  British, canradiepr, Japmese, French, SaPiet an8 U.8. 
pwgr6uns of rocket and related research of the upper atmsphere in 
space. During tihe f2lternatioperl Geophpicril Yeas. coaperaiztm rocket 
saMCUng end satellite obsersations -m c&ed a. The tnrdking 
nets, telemetering stations, 0rgaSfzatLonal arrangements, 
perlance obtained -no Starti;3g frcm thfs pucleus9 t& Merest 
in  actually psrUcipating in space activities is spreading. 

pects of sprrce research, the Bternatiopal Coundl of Scientific 
Unions has created a caxnt%tee on space research. This Cemdttee, 
COSPAR for short, has met  to organize €-elf and to l ay  plans for 
its Azhrre activities. ate W t e d  NatLans has crested an Ad Hbc 

cammittee on the Peaceful Uses of Outer Space to s t u e  the problems 
and areas of interest involved and to report back to the General 

Assembly 012 v a r i m  mt+ars concerned W E t h  internattonal cooperatian 
in space act irLt ies,  Bdividual natians are cree$irg space corn- 

mittees, and initisting progrgnms of research by means of sounding 
rockets and through observations of' satellites and space probes. 

rexlm the activttLes tu s p e  science now urdez- way in * U.S. 
Hationa;l Aeronsutics and Space Amnfaistrationo Phe cmplete picture 
can, of course, be obtained m3.y by adding to what is cmtahed 
herein the program of the other ne.3iiolls engqed in space science 
progrcmnsO lbreover2 it wwul0 also be necessary to add other areas 

of space activity %hem space science, such aa practical applications 
of satellites to meteorologLeal ame%lleace or ccmmmicstiags 

and ex- 

To contimm b-&m&LonaJ. caYciboraticol in the scieartific 88- 

To i3.lustrste the graving effort in space research, this section 

L 
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systems, and the effor t  t o  place man in spaceo These sadec t s  are 
not taken up i n  W s  paper, W c h  res%r%cts itself primarily t o  
the scientific research of the uppep atmospplere and outer space. 

For convenience9 tlajbs description of the present program 
activity has been dfvided into several areas; Atmopsheres; Ionos- 
pheres; Energetic Farticles; Electric and Magnetic fields; G r w i t a -  

t l o n a l  Fields; Astronomy; and Biosciences, corresponding t o  those 
used i n  Section 11. As mentioned i n  Section XI, these i s  a consider- 
&le overlap mong the different are- and, in fact, iwegltigation 
of the v a r i w  interrelationships is a very important par t  of the 

prom-=. 
(1) Atmospheres 

The atmospheres part of the prograzn is  concerned w i t h  the 

study of the structure, composition and motion of the earth's atmos- 
phere, the relation of =the upper atmosphere t o  surface meteorology, 
end the relation of solar activity to  phenomena i n  the earth's 
atmosphere. The term atmospheres is used in the plural since the 
program is concerned not only with the atmsphere of the e m ,  but 
also with those of the planets Venus, Mara,Jupiter, etc., with the 
lunar atnosphere, i f  say. e~dsts,  ersd w i t h  the solar atnosphere, 
which m a ~ y  believe t o  extend throughout much of the solar system. 

The inmediate plans include extensive aznd intmslve studies 
of the structure ma composition of the eemthts atmosphere from 80 km 
t o  several hundred Jan by direct meaawments w i t h  sounding rockets 
and wlth satelliteso MumaJ., Latitudinal, and t e ~ ~ ~ o r a l  variations 
in these parmeters will be studied and w i l l  be correlated wlth 

energy and momentum balances i n  the earthPs upper atmosphere. Models 
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of the earth's atmosphere will be foraiilated for (a) providing 

basic data needed in mtleretanding ionospheric, gu#ral, and o t b r  *-, raad (b) pxxw%dfng guiaEmx? in fa0 study of the atmae- 

*res of * planets. 

A-c sttraes to heights of 80 km w l l l  Include scores 

of synoptAc rocket flights and several cloud cover satel l i tes to 
ce+-nh'l.iah the relationships between surface meteorology and the 
structure arpd dynaw&cs of -tihe upper a-lmephere. 

A caaaposlte! radiation satellite initiated under IGY sponsor- 
ship e d e s  an earth's thenaal balance mpsdment for tbe determln- 
ation of the themal  radiation %ransmission chsracterlstics of 
the aiaospm. Ibe next-to-last Vanguard sate l l i te  eXperirment Yse 

of similer nature. 

~cK1preteorit0 expezbm %6 am to be csrried on th#rc 
satsl l i tes which &we been echeduPed for flight in the next year. 

position end tlensity at eStituder bctueen 220 and lo00 hn l e  now 
under design w i t h  the launching planned for 1960. 

w e s  end mass spectrmetere and experiments for the study of qper 
atmosphere winds by the t~ac._lrinn of vtaible t r a i l e ,  using soilium 
vapor, for exempleo 

orbited to nmsure thc! &P density at altitudes of about 6 0  km. 

A ~&d. l i fe  for the btenninatia Of the SIZQO-'O CQP- 

The soundiw rocket program includes unlte carrying prersure 

~n inflatable sphere 3.65 m (12 feet) in dieter will bt 

(2) Ionos*res, 
The lonospheres po-~-!~%on of the! program I s  caacerned with the 

portion of the atmosphere that i s  electrifledo A t  the present the, 
we hem a fairly cmplete 'knowlsige of the e&&'s imos- up to 
the E region at 200 b, s less eclnplete understanding of the ionos- 
phere between the E reglon and the F region mAxirmmr at about 300 km, 
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and only scattered information about the ionosphere at hfgher 

altitudes* 
phere out to i t s  farthest reaches, and towasd pinning d a m  the 
fluctuations in the ionorsphere w i t h  time of day9 season, sunspot , 

cycle, and geographic positiono 
ThR bmediate program is concerned with obtdning electron 

density profiles a t  alMtudes above the Fz layer by inclusion of 
proven propagation experiments i n  space probes, Concurrently 
latitude and tempo~al. v&riatiom of this parameter w i l l  be obtaned 
by w e  of orbiting sa t e l l i t e  beacons. A topside ionospheric 
eounder i n  a saW.l.i-be wXU be used for synoptic s t u a e s  of electron 
densltyin the outer ionosphere. This techniqp promises lesser 
ambigui ty  than that obtainable from satellite beaconso The present 
knowledge of electroPlsepRtic propagation w i l l  be extended by in- 
clusion of very low frequency receivers i n  satellites and space 

TJhe current planning is afmed a t  e ~ l o r i n g  the ionos- 

probee* Ion spectrum studies w i l l  be extended t o  lower maas numbers 
snd higher altitudes by indusion of refo mass spectrameters i n  
space probes and satelliteso Direct measurements using devices such 
88 antenna probee, ion probes, and electric flePd meters will be 
made in rockets and satel l i tes ,  t o  better define ionospherh 
structure and t o  study the interaction between the  ionosphere M d  

space vehiclee. 
(3) m r g e t i c  ~a ; r t ic les  

!Ehe energetic particles program is concernedwith cosmic 
rays, the VM Allen Radiation Belt, and the particles earning the 
auroras i n  the e e l s  atmosphereo A m J o r  I t e m  of interest  will 
be the distribution of energetic particles throughout i n t e rp lmta ry  
space 

w i l l  be pursued w i t h  satelUtes &nd rockets in the vicinity of the 
In  the near future the meaaurement of energetic particles 



earth and with interplanetary probes. These meas-ts WFIl be 
aimed at detenaining the interactions of tbese -des With #e 

earth's 
f i e lds ,  the Qpes and energies of these pa-rtieles, their spatial  

distribution, aad the arigLn of the energetdc particles. 

inmediete future include speciff~ally oaeasurenrente of the cosmic ray 
intensity in interpls~hetazy space; of t ime and latitude cosndc ray 

intensity veriatlms; of ccrnposition and spatial extent of tbie 
Great Radiation Bdt; of the c o d e  rrgr energy and charge spectrum; 

end field, a i r  interactioas w i t h  ipterpltmet?u-y 

Probes aad satel l i tes scheduled for laamchhg in the 

aa8 Of the m' Of the PaZ%%d.@S P r O d U C a  gUrOFBBr 

Efforts are u n d e m  to C L U y  emulsion blocks in recover- 
able psorloads to ob- further asts on the nature and in.t;enaity of 

bpce energetic psrticles encountered at extrene altitudee. 
(4) Qectric -tic E~MB. 

!&e study of the electric and megnetlc fields in space is 
an inpx#-tant part of the aevelaping lusA prOgraM0 particular in- 
terest focuses on the study of magnetic fields in view of their 
role in trapping the pa;rticles that comprise the Van Allen Radiatian 
E e l t o  It is of especial interest to &tennine what the magnetic 

fields of the moon and planet8 are like, and to ccunpam them w i t h  the 
earth's magnetic f l e l d  in strength and character. 

s- rockets, satel l i tes,  and space probes to carry nmgnetosaeters 
for the investigation of tihe existence of ring currents above the 
ionosphere &ring -tic sforms, for +h investigation of ianos- 
pheric currents, and radiation belt currents, for measuring electric 
currents and the form of the earth's field at great distances, for 
the study of interplanetary fleI.de, and the moon's magnetic f'ield. 
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Of particular interest  in this connection i s  the dlevelopnent of 

the TubiaEum vapor magnetmeter, which can be used t o  measure 
weaker fields than can be measured witkt the proton precessional 
magnetometer d8scussed in Section II E 5 above. 

(5) Gravitational f ie lds  o 

!Be oppol-eun%ty t o  perform experhents with satellites 
and space probes pruvides the scientist w % t h  a mans of performing 
ex-perimenks on ern astronamicaL scale, which should be of great 
benefit %n gravitational studies. 

of this k.3,nd was the simple observation of the sa te l l i t es  that had 

already- been launched and fhrm which bproved vduea for the 
oblateness and shape of the earth henre been obtdned. 

One of the f i r s t  exper%ments 

StuiEes are now being made on existing satellites With 

the obgect of deterdning the Low harmonics of the earth's f'ield 

from tracking iEer.tao 

satellite which wXU be capable of refinlmg the observations on 
the hmoIxic6, and of determining intercontinental dbtances with 

high precision. 
form of the geoid much further than has been possible t o  dateo 

precise clock in order t o  test EXnsteinBs genera theory of re la t ivi ty  
which predicts a change i n  the cLockgs speed depend%% upon the 
strength of the em%hos g r a ~ t a t i o a d  field. 

frequency standards M c h  show premise for use as the clocks for  
t h i s  experimensti are under myo 

Iksign studies have been started on a special geodetec 

It shouldbe possible to ca r ry  the study of the 

It is planned to put i n  orbit a satellite ceuTylng 8, very 

S't;udLes on the a t d c  

(6) htronmy. 
The astronmes ~3.11 now have! the opportunity i n  satellites 

and observatories orbiting above the e&h0s atmosphere to observe 

. 



in the melengths that do not get throughto the surface of 
the earth. !5e present plans include obsematicms in  gama ray, 
X-ray, end ultrsoiolet wavelengths. 
satellite observatory is now under develapnent. 

!&e inmediate program w i l l  continue and extend to the 
southern dsy the 6urvey of the newly discmered nebulosities in 
the far ultrPrPialet by mect~s of rockets. These metssurments are 

being undertaken to determine ttrs nature and sources of these 
mclseions. 
made in the near and far ultreviolet spectrum re@n to  extend 
magnitude systems to tihe ultxaviolet. Bnphssis i s  being given to 
extending observations into the previously unexplored f8r infrared 
aut3 Mgh energy goma ray spectral regions by means of seaming 

sate l l i tes  and rodsets. Apart Arrm thelr intrinsic va,l.ue, these 
surveys gz.e essential as gKnrrd work for the satu l l i te  obsexvatoq 

po.ogr=. 

Fbr such purposes a stabil ized 

Concurrently s t e l l a r  photomretry measureznentS w i l l  be 

Studlee of the s o l a r  ultraviolet snd X-ray spectra w i l l  

be extended to include long term variations, line profiles, dis- 

flux. These gtudies w i l l  be carried aut in a series of rocket 
f ir ings and w i t h  satellite-borne pointing devices. 

tributi- woss the disk, a d  tW spectra Of the c = ~ &  X-ray 

De- space probes w i l l .  be used to determine the nature 

l jatel l i tes will be used to map the emissions of the high 
of the interplanet€Ky medium. 

atmosphere which arise fram chtxged particle interactions and 
p h O t o c a e m i C a l  n a ~ t i o n ~ o  

(7) Biosciences. 
In the -8 of biosciences the -ty now exists to 

do f’undamenal researches on the behavior of living organisms in 



space under the conditions of space and of space fUght. 

the support of Project hkrcury, the man-in-space proptino 

and the psychology and physiology of space flightJ as w e U  as 

first meuzned flighto 
orbital  f l ight  are planned, 

the means of seeking extraterrestrial form of l i fe ,  
of the most exciting prospects of space researcho 

Th% mjor effor t  in biosciences is presently devoted t o  

Xn this program there are stuckLeo of Life support systems 

the experimental program for  flights of aziimds leading ulp t o  the 
Rocket flights of vary%= 1engt.h precedfng 

EveauaUy, space probes wXLI provide %he scient is ts  w i t h  

T h i s  is one 

A t  the present tine, except for  the Varrguerrd vehicle it is 
necessary to use for  satellite and space proobe lamchhgs vebieles 
that were designed fo r  other purposeso 

Other existing treSrtsles are the Juno 11, the Thor-Able, the 

Vanguard is the three stage veMde designed fo r  the US IGY 
ThOr-EustEer, We A t l a s ,  and the A t k a s - A b l e U  

efforto At XrruncMm~q, the Vanguard weighs approximately U, tons. 
The f i r s t  two stages WE! 1tq.d propellau'ts t o  boost the third 
stage and pqylo& to orbital, altdtudeo 

is reached, the sol$d propellant third rrtage accelerates the paiy1om.l 
to orbital ~\relocl i tyo Several of the Vanguard stages appeas: in other 
vehicles currently i n  use, such as Thor-Kble and At;Las-Ableo 

pound sa te l l i t e  i n to  a 300 nautical d e  orbi to  
satelUte launched W s  Spring w w  typical of the s o r t  of pwload 
that can be launched wtth the Vanguard, 

After the desired alt i tude 

Vmguaxd, as originaUy &signed, is capable of placing a 2.1. 1/2 
%e cloud cuver 

There i a  a Vanguaffd 50 
pound satejldbi%e planned, using an cadvaneed aolfd M r d  stage. This 
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~ ~ l o a d  w i l l  C B ~ T ~  experiments on cosmic rgvs, solar radiation, 

meteors, and the radiation inbalance in the earth's atnaoaphere. 

JunO 11 IS 8 faUr 8- rocket 6-W tO Jqiter-C 

~ U c h  placed the firet fl8 IGY satel l i te ,  wm I, into orbit. 
Juno II enplays the Jupiter IHBMmLssile as its first stage. 
stsges 2, 3 and 4 are made of clusters of s o l i d  rockets, a& 
accelerate the payload to  orbital velocity. !l!hese latter stages 

are spin S t s b i l l % d o  

'Ibe Juno 11 is capable of placing payloads of about 100 paunde 

i n  a 300 Pautical mile orbit .  It hrrs been used for moon probe 
lwpcbings. 
the U8 estdblished its first s0la;r satellite. A m e r  of Juno 
II launching8 m-e scheduled to occur over the next year for 
sate l l i te  mrimente. 

second stage (Able). A t  lamchin& the !&or-Able weight is approx- 
imately five tinaes that of Vaaguard and greater payload capability 
is  therefore provided. The two stages ('I2lor and Able) provide mbit 

capebillty. Several other versions are gvailable; mor-Able 1, which 
employes the Vanguard sol id third stage, and Thor-Able 2, which 

we8 the high perf'ormmce sol id  third stage developed for f'uture 
Vanguard l-. There are also the Thor-Able 3 and the 
--Me 4, which as vehicles, ~l;re essential ly similar to 
2br-Able 3 w i t h  only minor differences in m l o a d  and guidance 
e3Tangements . 

!&e mor-Able can place 200 pound payload8 into a 300 mile 
orbit and can probe t o  the moon and near planets w i t h  muall p@oads. 
Thor-ible i carried pioneer I scaue 70,000 nasrticai mlles away *can 
the eerth. QolllEf additional Thar-fble vehicles ate scheduled for 
s a t e l l i t e  and space probe lsunchiags. 

In  particular, it w88 used for Honer Iv w i t h  which 

Thor-Able uses the Thor IRBM as a first stage emd 8 Vengwrrd 
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Thor-Sustler i s  the Thor IRBM conibined with a liquid pro- 
pellant stage empLoying the Hustler engbe, 
stage contains nearly twice the weight of the propellants carried 
by the Vanguard second stage (Able) and ’Jlhor-Hustler therefore 
has increased lnzession capability over the Thor-Abbe 

!lbor-IIus”cLer, while essentially a t e s t  vehicle t o  develop 
the Hustler upper stage, is also being used for satellite payload 
experiments 

The €€ustiler second 

A t l a s  is included f n  this list, since it is capable of placing 
The Score sa t e l l i t e  payloads 1n-k orbit  as a single stage vehicle, 

launched l a s t  December is an exampLee 
Atlas, EIS a s i w e  stage, can launch a payload of 150 pounds t o  

a 3 0  mile orbit9 
flights of the manned sa te l l i t e  capsule, 
of the A t l a s  will be undertaken and it w i l l  be capable then of 
laucehhg more than 2000 pounds into an orbi t  at d t i t u d e  some- 
what m e r  100 mLleso 

A tMrd stage is 
also used; this is  the high performance sol id  fuel rocket which 
was developed for  the Vanguard. 

imparting high enough speeds t o  200 pound space probe pqrloads 

t o  cause them .to escape from the earth9 

Project Mercury wzll use the AtLas for orbitaJ. 
To do so, some modifications 

Atlerr;-.&le uses a Vanguard second stageo 

The A t l a s - A b l e  %s capable of 

The f&y of vehicles just  described w i l l  be used f o r  the 
program i n  tihe immediate futureo 
which are part  of the UoSo NatiomXL space Vehicle Programo 
veh9cXes are now being developed t o  car ry  OUF space projects for 
the forthcoming years 

which w i l l  be capable of carrying about 150 pounds into a 300 mile 

Supplementing these axe vehicles 
These 

maSa is developing a 4 stage, sol id  propellant sa te lUte  vehicle 
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orbit. W e d  the Scout, this vehicle w l l l  be much more tcanrrmical 

than u i s -  vehkles and w i l l  satisfg numy of a reqy3mnum-b 
of t lm scientific 
international cooperative effcrb. 

Basically, Delta will baxe the seam 3 e- configuraMon as lihor- 
Able which hae already been used by HASA aud the Air Force In  

several deep space probes. 
1, An improved radio-inertldl guidance system; 

20 Active &dance and control during longer cocrstiag 

periods between second stage burpout and third stage 

ignitian. Thh added coast period will plbm murinnan 
velocl%y at h?.@er altlfudes. 

It shauldbe useful in  support of 

BA68 I s  obl.60 under&mng the a m ? ? l ~ n t  of the mta, 

!Fhe main new features of Del-& are: 

%e ISM: is an in- 1- vehicle for use in 1 s O  ami 
u n a  saw of the larger boostars capable of ie~era 

tons of paorload are dr?velagea. mta should be capable of 
putlzbg 250 pounds in a nrarinnl300 nile earth -bit ar sending 
a 100 pound peyload on a b e g  space mission. It w i l l .  use 8 s e d  

Thor as a first stage, Tkae second stage w i l l  hause the guidance rrnd 
will be powered by a rewar$ed Aerojet-General englne s h d l a r  to 
that used for tbe VEl;aguard second stage or for the Able stage of 
other oehicles. 
W e  tbe .third stage will be a solid propellant rocket built by 
the Allephr?nv BaUistica Laboratory, Delta will stand about 90 
feet m, weight wer 100,OOO pormds loaded, and develop more 
than 150,OOO pounds of tbrusto IWA @ens for the vehicle irr- 
clude lsuaching severa deep epace missions and sate l l i tes  frasn 
4he Athnt&c Missile Range in fiorida, and launching polax orbital 
s a t e l l i t e s  Ama the Pacific fissile Renge, Calfforniao 

EYrst ead second stages will be liquid fueled 



As a first ueUcle With large payload capaci.eY, NASA has 

under development the Vega, a 3 stage vehicle using a modifled 

Convdr-Atlas 8s a first stage, 
a modrbfied General Bec t r ic  engine which was used as the Vanguard 
first stage, T%he third stwe  w K L  be a J e t  Propulsion Laboratory 
rocket using storable propeLLmts. 
it possible t o  put several tons En a 300 mile orbi t  and to send 
about 1000 pounds t o  tihe vicinb%y of the moon,4 
i n  the program include the Centaur, Saturn, end Novao  
is similar t o  Vega in concept except that  the second stage e l  
use high energy progeU.anlxo 
is under development by the Arqy B U s t i c  fissL3-e Agency and 

wil l  use a c lus t e r  of exAstfng socket e w n e s  Lo give over 
1,000,OOO pounds of thrust, 
single chamber rocket of over 1 dll ,%on pounds thrust, 
large single chamber engine is  being dleKe1,oped by the Rocketme 
Mvision of North American AvfatLon under NASA contracto 

me second stage wXU incorporate 

The Vega vehicle wjy &e 

Later vehicles 
Centaur 

The f l r a t  s t w e  of t h e  Saturn vehicle 

The Nova  vehicle wtll be based on a 
This 

Table 5 indicates t h e  numbers of -the sounding rockets, 
sateUitesaz12 probes presen%ly scheduled for the space reseaJrch 
program for  the period July 1939 t o  Bcmiber l % O 0  

and planning a space research program ft has become apparent tha% 
the scheduling of the major sateU.%te and probe vehicles must be 
c&wefuUy correlated with the range capabaities wa$lrible i n  the 
UoSo 
MssSle Rmge or the Pacif ic  fissile m e .  
matters is continued in the fo1P.owtng seck3.m. 

In  preparing 

The larger vehicles must be launched from either the Atlantic 
Dpscussion& these 
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It wil l  be no'ted that  approximately 100 sounding rockets were 
scheduled Tor .&.Us period atzd somewhat more than 30 satellites and 
space probers. mese units wXL!, comti-tu-k a major workload for 
the ranges and their  firings w i l l  hare t o  be carefuU_y distributed 
mong those scheduled f o r  u i l f t w y  program and t e s t  operations. 
%n scheduling sateUites  and spwe probes an effsrr; h w  been made 
t o  maintab a reasonst'bPe balance among 
lined above, A% % U s  t h e ,  schedub%ng is, of course, affected by 
vehicle avaXLability, the a b i l i t y  t o  prepare payloads for the 

specific exyerbents, and the fact that it is  necessary to ob tdn  
working r e s a t s  befare scheduling follow-on experimnts. 

various programs out- 

!RE major supporting fac i l i t i es  required f o r  tbe conduct of 
LauneM.ng stations, a space research progran are the following: 

electronic and optical t re ing equfgment; data ~ ~ U ~ c t i n g  
s y s t m ;  c m c a t j o r a s  and data ' ~ ~ E I Z W I ~ S S ~ Q I I  networks t o  return 
the data collected %o eb central. point; and. computing facilities for  
orbi ta l  caJ_cuLations and data pocess%n.go 

space probe planniw, there are numy supporting facXUtfes already 
i n  e3dE;tencec For letunc~h%lzgs, these are the military establishments 
located at  Cape Cmaveral, Florida9 a t  %t~e Athnt?te MEssEbe Range, 
and those installed %a CsLlforniet at Vandenburg Ais Force Base and 
the Pacific Missile- Range ,  Xn addition t o  t h ~ s e  major facilities 
which can haadas the large seMcles used f o r  satel;lite and space 
probe lauruchfngs, souad$ng roche$ facilikies are &v&XabLe t o  the 
space research program at Fort &welf%U, Canada; WU"& Sands, 

Mew Mexico; suld Wallops Island, Virginta, There are &so numerous 

As a result of the PGY program. and the early sateUfte and 



mobile sounding rocket launchers i n  d s t e n c e ,  and 1g~p~h.fnna 
have been snd csp be made frool various mal vessels. These 
facilities w i l l  be used in condlrcting U.S. Hatioprrl Space 
Ibtsesrca Proe;ram* 

~ a r  trackiw purposes, Rgs. 7, 8, 9$ and 10 indicate the 

locations of the Minitrads network, the Baker-- stations for 
optical tracldng, and same of the bfLcrolock and space probe re- 
ceiviag stations. These are availa;ble for use in  acqpiring data 
and for tracking and finding the space coordinates of satellites 
ead pirobe8. The fac i l i t i es  taw capable of .trercking the larger 
vehicles l n  their orbits or on space probe adssim. Data col- 
lection is generally centralized a t  the s a m  locatioss, so aa to 
mdnindze the number of irrdcpen8cerrt 8tQtions tht muet be supported0 
= g o  U. indicates the major faCutie6j the M, the nrmiber, t k  
Units, major equlpmt Unib located at these facilities, and the 
general Auzction that these p a r t i c u l a r  facilities Include. Cam- 

made up of ndlltguy lines and leased lines of the camercial cum- 
mUnicatlons orp,nizatione. this means It I s  possible to return 
trm data to the central. computing point in sufficiently rqpid 
rmuvler so that orbital determination6 can be carrled out for pre- 
diction purposes so that antenna8 and c8pyeraa can be trained on 
the proper point in space for the acquisition of additlordl data. 

and h q e  recorded, and the tapes are usually malled back t o  the 
central data processing centero Data processing and computation 
systems are availa;ble at a rimer of locations where they hawe been 
used part time t o  support the specific programs i n  the past. There 
are presently being consolidated under the national program for 

m C a t h l 8  end &%a t3?&BS%gll8I’e  e=- handled by WtWO&B 

! k l emete r i xq  data are generally acquired at the various ststitma 



sa te l l i t e  and space vehicle tracking-- major faci l i t ies ,  one under 
the NASA, and one under the djbrection of the Department of Defense. 
If we examine the needs for add5.tiona.l. fac i l i t i es  i n  term of 
the scheduled program, we find tha.t tracking and data collecting 
are two major areas in which the existing facilities must be 
supplemented, 
of the Min.%.t;Pack network so that it will be capable of handling 
polar orbits a& well  as relatively l o w  orbi ta l  inclination orbits, 
and t o  add space probe tracking stations so that essentially con- 
tinuous caverage of space probes can be considered enrailable with 

less  disruption than i n  the past Lo such operations as that of 
the radio astronorqy station at Jodrell Banko 

mans are already under way t o  expandl the coverage 
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8. IIIprr;tMA1ImcoQPlwATI ON SPACE RESEARCH 
atbe value of international cooperation in science has long 

been recognized An the f ie ld  of aatrcxuqye Its potentialities 
for geophysics end related researches wem clearly dewrnstrsted 
in the InternationaL GeopbyF.ical Year effort. As part of that 
effort the rocket szld sateUte vograpn made good use of inter- 
national cooperation, particularly in the simultaneaus firings 
of sounding rocketa, and in  the rmrtual trecking of satellite 
wehicleso The future of mace research may be expected to profit 
greatly fram internationeJ efforte, end in some CsBes to require mch 

cooperation. It seaw worthwlxUe, therefore, to list briefly 
~ospb of the WBB in which internat1ona;l cooperation is beirsble. 

Sllmlltaneaue 1Buzlchlngs of t!mlnuq rockete in the 
study of the qpper atmosphere, the amra, the ionoe- 

phere, magnetic storms, and other phenmena that may 
be expected to vaxy w i t h  geographic position shoula be 
of great value. 

Mutual assistance Ln the design of experiments and in the 
preparation of payloads for rockets, satellites and 
space probes may be desirable. 
International coopez-ation in the tracking of sateUites 
and in the reception of telemetering data fromn them is 
hIgh3.y desirable. 
An interpationaJ for  $ne obsemation of radio 

8-6 from sateUites for tbe  purpose of Fnvestlgating 
the ionosphere is required in onler to solve exist- pro- 

blems on the ionosphere. 
International moperation in labratory acrid theoretical 
research in areas supportfng or related to  space research 
i t 3  highly desirable. 
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available on the basis of ease of access for the reader. The 
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